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Six of 70 female Sprague- Dawley rats given a s ingle intravenous injection of 7,12-dimethyl-
benzla)anthracene tDMBA) developed 7 pilosebaceous tumors. Two of the tumors showed 
differentiation towa rd the upper portion of the pilosebaceous unit while 5 showed differentia-
tion toward the \ower portion. Each tumor was examined histochemically for the presence of 
inner root sheath kerat.in of the hai r follicle using the carbamido diacetyl reacti on for citrulline 
and for hair shaft keratin using boiling ninhydrin reagent. 
The 2 tumors of the upper portion of the pilosebaceous unit were sebaceous adenomas 
which were accompanied by a keratinizing epithelium like that of the sebaceous gland duct 
and upper pilosebaceous canal. Histochemically, the keratin was not like that of hai r shaft. 
nor inner root sheath. The 5 tumors showing differentiation toward components of the lower 
pilosebaceous unit were trichoepitheliomas. They were com posed of structures which. to 
varying degrees, recapitulated the organization of the normal hai r follicle. Within these fol-
licular structu res. both inner root sheath and hair shaft type keratins were found . 
The occurrence of skin tum ors after the intravenous administration of DMBA was unex -
pected since it is uncommon for skin tumors to be produced by ~he systematic administration 
of chemical carcinogens and they have never been described aft.er the oral admini~tration of 
DMBA. That the route of administration may influence tumor production with this carcino-
gen is suggested by the fact that ihe only ot her reported tumors. which were sq uamous car-
cinomas. also followed intra\'enous injection of DMBA. 
Spontaneous skin tumors of the rat are not only 
exceedingly rare , but are also much more limited 
in variety than those that can be produced experi-
mentally in the same animal with chemical car-
cinogens. In their search for spontaneous tumors of 
the rat. Curtis et al 11) found only 18 squamous 
carcinomas, 1 basal cell carcinoma. 1 trichoepi-
thelioma. 1 adenoacanthoma. 1 preputial carci-
noma , and 1 sebaceous carcinoma among 11 ,136 
mature laboratory rats. 
Aft.er repeated topical application of certain 
chemical carcinogens, a substantial number of 
treated rats developed skin tumors-many unlike 
those occurring spontaneously. A partial list of skin 
tumors induced with anthramine, methylcholan-
t rene , and 7, 12·dimet.hylbenz la )·anthracene 
(DMBA) includes: squamous papilloma. seba-
ceous adenoma , keratoacanthoma. basal cell carci-
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noma , cylindroma. trichoepithelioma . squamous 
ca rcinoma, fibrosarcoma. and a variety of undif-
ferentiated tumors 12-6). 
With the exception of 2·acetylaminoflourene 17) 
and the N-nitroso compounds IS], chemical carino-
gens. including those that are effective t.opically , 
rarely induce skin tumors when administered sys-
tematically . In spite of the extensive use of DMBA, 
administered orally or parenterally . for the produc· 
tion of mammary tumors in the rat. we have been 
able to find just two reports of skin tumors arising 
in rats given DMBA systemically. In each case 
they were squamous carinomas arising in the 
external ear [9.10). 
In this paper we describe two hist.ologically and 
histochemically distinct types of tumors of the 
pilosebaceous apparatus: one type arising from the 
sebaceous gland (sebaceous adenoma) , the other 
from the hair matrix of the hair follicle (trichoepi-
thelioma). To our knowledge. neither has been 
reporied after the systemic administration of 
DMBA . 
MATERIALS AND METHODS 
Seventy virgil! SO-day-old female Sprague-Dawley 
rats were given 3 mg of DMBA in oil emulsion by a single 
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tail-vein injection . One or more subcutaneous tumors 
developed alon~ the milk line in each rat _ A total of 257 
tumors were found during the course of the experiment 
which ran 450 days. Of these. 250 were mammary tumors 
and 7 were tumors of the pilosebaceous appa ratus. No 
skin tumors were found grossly 8t a ut opsy among 30 
normal control rats or 20 control rat s which received a 
single injection of oi l emulsion identical to that used as a 
vehicle for t.he DMBA . 
Each of the pilosebaceous tumors was fixed in 10% 
neutral buffered formalin . embedded in paraffin . and cui 
at 6 JI.. Sections of each were stained with hematoxylin 
and eosi n and analY7.ed his toc hem ica lly for inner rOOL 
sheath kerat in of the hair follicle (by an adapt ion of t he 
carbamido diacetyl reaction to histologic sections usi ng 
Fearon's dia{:ety\ monoxime reagent in boHing hydro-
chloric acid) II I J and for hair shaft keratin (using boil ing 
ninhydrin reagent ) [12J. . 
RESULTS 
Sebaceous Adenoma 
Two of the 7 pilosebaceous tumors were seba~ 
ceous adenomas . They were found 222 a nd 327 
days after injection of DMBA. Both were located 
deep in the dermis surrounded by compressed 
collagenous tissue . Each was sharply circum~ 
scribed. but multilobular (Fig . 1). Within each 
lobule. a pattern of organizat.ion was present that 
mimicked that of the normal sebaceous gland 
lobule. There was a continuum of cell types from 
the small, darkly basophilic generative cells lining 
the periphery of each lobule. through centripetally 
enlarging. rounded sebaceou5 cells with djstinct 
cell membranes and relatively large amounts of 
cytoplasm containing regular. finely divided lipid 
droplets , to large central a reas of holocrine necrobi-
osis (Fig. 2). 
The duplication of normal sebaceous gland orga-
nization was not perfect in each lobule. but. in 
most. a definite organoid pattern was present. and 
mature sebaceous cells outnumbered generative 
cells. These two features help to distinguish the 
sebaceous adenoma from basa l cell carci nomas 
with sebaceous differentiation \13]. 
Many of the lobules were continuous with. and 
emptied their sebaceous contents into, caricatures 
FIG . 1. A well -ci rcumscribed sebaceous adenoma 
formed by multiple sebaceous type lobules and contain-
ing cystic spaces filled with sebaceous and keratinous 
debris (H & E x 7) . 
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FIG. 2. Same tumor as previous figure . demonstrating 
two t;.'pical neoplastic sebaceous lobules in which [he 
organization parallels tbat of the normal sebaceous 
gland. The cell s at the periphery of each lobule a re small 
and darkly basophilic (generative cell!'). Nearer the 
center. the cell s become larger. rounded . filled with finely 
divided lipid droplets. and eventually undergo holocrine 
necrobiosis (H & E ')( 120). 
of sebaceous gland ducts which were lined by a 
keratinizing squa mous epithelium complete with a 
kerathohyalin layer (Fig . 3). Neither tumor showed 
any diffe rentiation toward hair follicle bulbs. 
There was no histochemical evidence fO T inner root 
sheath keratin nor hair shaft kera tin . and no 
t richohyaline granules were present. The connec-
tive t.i ssue stroma was cell ul ar and ab undan t. but 
exhibit.ed no specific identitying features. Infil -
trates of innammatory cells were not present. 
Morphologically. these tumors showed differen-
tiation t.oward only those structures cha racteristic 
of the upper portion of the pil osebaceous appara~ 
tus. The neoplastic sebaceous lobules. composed of 
generative cells and a predominance of sebaceous 
cells, resembled the lobules of the norm al seba-
ceous gland while the contiguous ductli ke st ruc-
tllres lined by a keratinizing squa mous epit helium 
with a kerat ohyalin layer resembled sebaceous 
gland duct and upper pilosebaceous canal epithe-
lium [14]. The squamous epithelium of the seba-
ceous adenomas was unlike t hat of t.he lower 
portion of the normal pilosebaceous canal which 
does not possess a keratohyalin layer 114J. Histo-
chemically, the keratin was not of inner root sheath 
nor of hair shaft type . 
Keratinizing ducts are not mentioned as an 
integral part of sebaceous adenomas in the rat or 
man in standard descriptions of this tumor. Their 
presence in these experimental tumors may be 
indicative of greater differentiat ion t.han that usu -
ally seen in sebaceous adenomas. That the differ-
entiation toward keratinizing ducts is not unique t.o 
the sebaceous adenoma of the rat is indicated by 
one report of its occurrence in a sebaceous ade-
noma in a human \15] . 
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Hair Matrix Tumor 
T he remain ing 5 tumors were clearly of hair rna· 
t rix origin and resembled t richoepitheliomas de-
scribed in t he rat [16J . They were found in 4 rats at 
114. 203, 326, and 328 days after injection of 
DMBA. Each of t he tumors was deep in the 
dermis, multilobula r, and well circumscribed. 
Three contained a large, single, keratin-filled cyst 
(Fig. 4): the other two contained multiple keratin 
cysts of various sizes (Fi~. 5), The tumor lobules 
were composed for the most pa rt of small. rounded 
cells with indistinct cell membranes, scanty cyto-
plasm. and prominent, oval , basophilic nucle i. 
In scattered areas throughout the tumors the 
neoplastic cell s were grouped into round organoid 
structures (Fig . 6). At the periphery of each, cells 
were arranged radially with t hei r long axes perpen-
dicular to the outer rim . As cells progressed to-
wa rds the center, they became elongated and their 
orien ta t ion pa rallel t.o t he rim so that the inner 
layers of cells formed concentric rings (Fig . 7). 
They also became la rger and their nuclei paler 
wh ile the cytoplasm in each cell increased , became 
more eosinophilic. and acquired t richohyaline 
granules. In many, there was a central core of 
dense eos inophili c keratin , containin g well -
preserved pyknot ic nuclei . Epit hel ial cells at the 
FI r.. 3. Sebaceous adenoma showing a ductlike st ruc-
ture lined by kerati nizing squamous epithelium contain· 
ing: kera to hyaiine granules (H & E )< 340), 
FIG. 4 . Ha ir matrix t.umor lined by inner rOO I sheath 
t.ype cells containing trichohyaline granules. The cent.ral 
cysi contains ha ir s haft and inner root sheath type 
ke ratin . The tumor is a giant ca ricature of 8 ha ir follicle 
(H & E x 131. 
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FIG. 5. Well -formed hair follicles as well as ill-formed, 
la rge. cystic foll icula r st ructures. Keratin in cystic spaces 
is of inner rOOl sheath and hai r shaft types (H & E x 94). 
FIG. 6. Follicle-like structures in keratinizing inner 
layers of cell s contain t.richohyaline gra nu les (arrows) (H 
&E x 375). 
interfa ce with the keratin core were keratinized , 
but had no keratohyaline granules. Histochem i-
cally. in all 5 tu mors the kera ti n within the central 
cores was positive for inner root sheat h and ha ir 
shaft keratin . The peripheral cells in each of the 
organoid structures were histologically si milar to 
the cells of the inner root sheath of the normal rat 
hair follicle (Fig. 8). 
The connective tissue stroma associated wi t h t he 
trichoepitheliomas resembled that seen accom· 
panying the sebaceous adenomas. It was generally 
cellular with no hyalinization and no unusual 
tinctorial qualities. 
All 5 t umors showed morphologic and histo-
chemical evidence of differentiation toward the 
lower port ion of the hair follicle, complete with two 
layers of the inner root sheath. cuticle, and hai r 
shaft. The la rger, distorted, keratin-filled cysts 
were lined by an epithelium t.hat showed t.he same 
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F IG. 7. Well -formed neoplastic hair follicle in a. tricho-
epithelioma . The inner layers of cells corresponding to 
inner root sheath cells contain trichohyaline granules 
(arr ows). The cent ral keratin core containing remnants of 
nuclei is analogous to hair cortex (H & E x 475). 
type of progression from small basophilic cells to 
large keratinizing cells containing trichohyalin 
(but no keratohyalin) as seen in the smaller 
organoid structures described above. The large 
cysts undoubted ly represent an attempt at neo-
plastic hai r follicle differentiation which did not 
successfully duplicate the size and configu ration of 
t he normal rat hair follicle. The three tumors wit.h 
a solitary large keratin cyst showed the same type 
of imperfect differentiation wh ich. in each case, 
produced a giant caricature of a hair follicle. 
These 5 hair matrix tumors were completely 
unlike those that a rise from the outer root sheath 
[17,18]. No vitreous membrane , which is associ-
ated with the normal outer root sheath and tumors 
of the outer root sheath differentiation, was pres-
ent. Tumor cells did not resemble those of the 
outer root sheath of the normal rat hair follicle . 
Furthermore, t he keratin produced was morpho-
logically and histochemically of inner root sheath 
and hair shaft type [1I,12J. 
There was histochemical or histologic similarity 
between these 5 tumors and 4 t umor types seen in 
t he human which show differentiation into struc-
tures normally derived from the hair matrix, i.e., 
basal cell carcinoma with differentiation toward 
hair structures, pilomatrixoma, t richofolliculoma, 
and t richogenic trichoblastoma. However, while 
the basal cell carcinoma with pilar differentiation 
Vol. 66, No.3 
[19 J and the calcifying epi thelioma (pilomatrix-
oma) [111 both contain peptide-linked citrulline in 
their keratin . the extent of differentiation toward 
hair follicles is rudimentary compared to the 
tUmors observed in this study . On the other hand , 
the well-developed hair follicles neatly oriented 
a round a s ingle dilated folli cle. characteristic of 
the t r ichofolliculoma. were missing in these tu-
mors. While 3 of the 5 tumors showed massive 
central cyst formation , a panern not. recognized in 
t richoepitheliomas of man, the hist.ologic and his-
tochemical features of these 5 tumors are otherwise 
characteristic of trichoepithelioma. 
DISCUS IO N 
The systemic administration of DMBA in the 
rat produces tumors showing differentiation to-
ward two levels of the pilosebaceous apparatus . In 
this study 6 of 70 rats (10%) developed piloseba-
ceous tumors after a single t.ail -vein injection of 
DMBA. Two were sebaceous adenomas represent-
ing diffe rentiation toward the upper portion of the 
pilosebaceous unit and 5 were trichoepitheliomas 
representing differentiation toward the lower por-
tion of t.he pilosebaceous unit. None of the control 
animals developed skin lumors. which is consistent 
with the general finding that spontaneous skin 
tumors are exceedingly rare in the rat. 
The finding: of skin tumors after the systemic 
administration of DMBA was unexpect.ed. Despite 
the fact that DMBA may produce large numhers 
and a wide variety of skin tumors when applied 
topically. it has not been considered effective in 
F IG. 8. Cross section of normal raL hai r fo ll icle at the 
level just beneath t he entrance of the sebaceous gland 
duct for comparison with previous figure. Outer root 
sheath. 0.r.5.; inner root sheath, i.r.s.; cortex . c (H & E x 
4(0). 
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producing skin t umors when given systemically , 
T his, in large part, may be due to the fact t hat 
DMBA given systemi cally is usually admi nistered 
by the ora) rou te. That the rou te of admi nistra-
tion has a s ignificant influence on t he production 
of s kin tumors is suggested by the finding t hat t he 
on ly reports of substantial numbers of s kin 
tumors-this report and that of Geyer et al 
[IDj- a re from studies where the DMBA was given 
in t ravenously. 
The reasons DMBA is effective in producing skin 
tumors when given intravenously, but not. when 
given orally, a re not known . The difference may be 
dose rela ted s ince DMBA is slowly absorbed from 
t he intestine a nd only a relatively small percentage 
of the initial oral dose reaches the ci rculation /20 j. 
With the top ical application ofDMBA , there is a 
greater propensity faT tumors 1.0 deve\op from the 
int erfollicular epiderm is than from t he piloseba-
ceous unit [6.1 6/. In this study only tumors of 
pilosebaceous origin were observed . which may be 
due to the persistence of a great.er concentration of 
carci nogen in the ha ir follicle than that which is 
retained on the surface epit.helium 121.221 since 
DMBA tends to be bound to various forms of body 
fat and is likely to be retai ned in the lipid-rich 
sebaceous cells /20j. 
While the differentiation of the tumors produced 
in this study toward either structures of the upper 
or lower port ions of the pilosebaceous appa ratus 
waS histologicaBy and histochemically dearcut, 
thei r higtogenesis was not. The uncertainty is due 
to the fact that there is considerab le evidence that 
t.he basal cell. whether epidermal or adnexal. can 
differentiate normally into either keratinizing epi-
der mis or pilosebaceous st ructures [141. or neoplas-
tically into squamous carcinoma, basa l cell ca rci-
noma, basal cell carcinoma with hair fol1ic1e differ-
entiation, or sebaceous adenoma [2.23 1. 
This s tudy does not provide specific evidence as 
to the histo~enesis of these tumors. In view of the 
lack of such evidence and the known pleuripoteJ. 
tiality of the basal cell. it seems unwarranted to 
infer an origin for these tumors solely from the 
direction of their differentiation. 
The development of skin tumors of onl~' pilose -
baceous differentiation after systemic administ ra-
tion of a chemical ca rcinogen (OM BA ) is unique _ 
This model is most like that of the skin tumors 
ind uced by the oral feeding of 2-acetylami notluo-
rene p} where the rats developed sebaceous 
adenomas a nd tumors with hair follicle differentia-
tion. but is unlike it in that systemic administra-
tion 01' DMBA did not produce the numerous 
tumors of the int.erfollicula r epidermis seen in the 
rats tested wit h 2-acetyla minofluorene. 
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